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Research progress on surface modification of
magnesium alloys for medical applications
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Abstract: Magnesium and its alloys have excellent biocompatibility and mechanical compatibility. The reduction in their
rapid corrosion rates becomes the key to clinical applications. The current study on magnesium alloys as biomaterials is
focused on the surface modification. The history and recent cutting edge researches on the bio-coatings on medical
magnesium alloys were predominately reviewed. The emphasis was placed on the recent progress of the preparation,
corrosion resistance and biocompatibility of the bio-coatings. These coatings include hydroxyaptite (HA), micro arc
oxidation films or plasma electrolyte oxidation coatings, degradable polymers (polylactic acid (PLA), poly (lactide-co-
glycolide) (PLGA) and chitosan), inert bio-ceramic coatings (TiO,, Al,O; and ZrO,) and chemical conversion films

(fluoride and rare earth) and ion implanted titanium and zinc films as well. The developmental trends were proposed.
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1) 75 H 86 B 4 Rl P S AN i il A2 T AR AR AL A
BHEESR, B G PR i S il 1 5 SO S PR
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4 2.25 mL/(cm*d)™,
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PR 4 VA JE R R S pHL R B R I 1) P R 334
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ey s s i I 200
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FUBHBR A TIAL 2 )5 R & 4 AZ31, 43 % A\ Hank’s
VWA pH & 5.5 (9 0.042 mol/L Ca(NOs), F1 0.025
mol/L NH,H,PO, (M & ¥# Wi (Ca-P ¥ ) T il 4% Ca-P
SAEYIBEVR)ZE . E Ca-P TR 48 h i, WiRh
TRALFR I B G 3R TR T E 20 B IR A 45 (DCPD)
T/ 5 B 1 =85 (TCP) [ 477 R 550 R R &6 A4 (A
1o fH2&, 7t Hank’s WP, SEAERINA™E
HA i, RIIJCTal i (5 2B v R R O YRR
GRIMEE] HA RZ . T RENP: 76 Mg-Ca &5
SRIMAEB NS Mg-Al &R IS S5 HFTEST
AL Ca-P )2, H. Ca-P ¥R)2 MR bt 5 FLAA 1k
RO . AZ31 HAR S H Ca-P U2 1) JE it v v 35
FE /T Mg-1.0Ca £ 4 B REAAFIVR 2 1 6 i
I

S0 75 V5 SR FH P e s 9 A L TR vk B AR Ak 2
TEBEA 4 AZ31B R % Ca-PiR)Z. AEFFMAEIR
A OLOH TR AN AR N 28 d J5 KIN, Ca-P iR)Z=
RIMCIBE B FEC RS =R R4 AZ31B A4
WS s, IR A VF 235 1) Ca-P ki, 25
ML R, Ca-P/AZ31B FHNJG A 5SS J0E [V, H I
AN 2.5%, FFEAEDMENE LN T 5%IEEK .
SONG %1% AZ9ID B4 & BEASA 0.1 mol/L
Ca(NOs),. 0.06 mol/L NH,H,PO4. 10 mL/L H,0,, pH
ho43 MR, R —ZHBRASKEYD
(CaHPO,-H,0) 1 -Ca3(PO,), A (I 2 - 2R, ¥t
TR ZRAE 1 mol/L NaOH ¥V 2 h Jm#EAs )y
HA. 4iE7R, HA WRZ U AZ91D 8441t
SBF i i
112 iR

Bk 75 A5 2OLR FAR MR AN DU VR AR B A G 3R T 7

WA AL B S 7E pH {524 5.5 1) 0.042 mol/L Ca(NOs), Fl
0.025 mol/L NH,H,PO, {54 48 h J5 1) SEM
{2

Fig.1 SEM images of AZ31 samples immersed in mixed
solution of 0.042 mol/L Ca(NOj3),and 0.025 mol/L NH4H,PO,
with pH value of 5.5 for 48 h: (a) Pre-soaked in Ca(OH),

saturated solution for 12 h; (b) After treatment of anodized

oxidation process'*!
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i, & Ca-P iR ERFEI T AR AR FE M 1/5. X
Ui Ca-P ¥z W 0 M FRAR T 865 4 10 B T/

DL ERETE R, BEE SRR R FEAL R AR
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FAAFAE I F2 28 ) U X SRR Z IR K, 45 22
PRk, $Em HA 586 S5k 2 &2 L6
BN B A o

48
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1.2 PFEtREWEE

4 BN A 4 IR PR S A B8 P 2 AR A 2 4 i
B eI IPEVE A PR T g, e gE
TN IR T Y A A R R R . SO RH AR A AL
(Micro arc oxidation, MAO) &l it i fif i 5 A4 1 i 2
A S, 8 Mg S5 (A SR K SEIOREOR =2k
W i el e A P, 8 ARG S A ol B W P
BN XD S TR R E, B 2L
12,1 BHAR AN TR bk 1) 5% i

MAO Jii )2 fig i 3 Hu b i B o SR TR i T 7k
ZENG Z5PIR ol T S EH A Mg-1.0Ca &
G AR T A HAT TOR G AL B BH AR A Ak L (LT 2) o AT
FORIL, 2 TH A AL Mg-1.0Ca 7F Hank’s %
W AR A 2R KR B 2 RS, T IR AL | s 1 R
fr—If 1) AR AN . ZHANG 2550 HAT MAO
JEZ () AZ91D B4 4 4E Hank’s SRR 21 d Jim s
LR AURAUN AR 1/15. AZ91 FEAAFIHT MAO Ji5
S J Tk B 0 3k 2.90 X 1072 1 2.05X 1077 Alem?.
EWFERY, HAT MAO [WBEG S it 4 s LA
. SONGP M PR AL 5 I 4 BEAE Hank’s ¥59
HiZi 30d, B MERRIE SR ES
1.2.2 PHBREAALRSON] i B2 1 (1 5

ZHANG Z:00%} FAT MAO I )2 1) AZ91D HEAT 1
T SRR T R L, AZO1D FEAR I B4 O M

2 Mg-1.0Ca BIRAEALIE K SEM #2122
Fig.2 SEM image of MAO coating on Mg-1.0Ca alloy
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JEI LR pH, Sk A A=A — Bl R PR B 32 RN,
Z SRR U DR BE R 55, 0T 2H R4t 1 P 285 Bt A=
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SEMEY . BESHRAERA FEARIRR AR,
R & . BB AR R ARG A R L. Hr,
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LIRS FENRE IR & R BT
HEANM AR LA A PSS SR TE N ICE,
HENREAT IR, — R 50~500 nm. 2176 BE A
Hh b A B R SR B, T AN BT I T A 1 A
(I )2

LIU Z595R H 88 i A AR R E N AZ91 B
SR, B 2R ZEMEMAIE ., 325
N R S DR ALEE . AT 3 N2k Ab
2B RS N 10 nm JE ) MgO. TiO, 5 Mg(OH),;
2 EZR 54 50 nm JEH TiO,. MgO LUK /b i)
MgALO, I TiO: 5 3 2 4K M= L ME)E Mg, Ti.
Al K TisAlLAKES T IO W5 R 5 T AZ91 LA 1)
TR A B R ek F A . X E B TR T B
R . ZHANG P HESlsE il & A
PAF—JZBOE M 456 R TLRZ, RILZIR)Z2
— 2L, WEWHEMEY BZE. RESGET
B TR i

B TN EAR— 2 B Re e A S i i
WAN Z5P5R ] 88 73 A4 Mg-Ca &4 il g —
2 Zn iR)E . B TREL BT Zn N JZ o
LA O LGP I e 22 . IXR I Zn SEFA44)
= Mg-Ca & &R Ui A 2 BRI 25 FiE A TG 3R

B BRI B TR BRAEAE R XU 2 B 4 i
AT FE s S KT 3R A N2 R R O L, B
I LAl ), LT RN JEAN S . H RTE B
A BRI 5 T B -

1.6 1EHEERE

E4 R MR EWHR TiO,. ALO; & ZrO, E4)
BEEARL, PR EAE AR D 4 P i,
4l ALO; AEWIF B FZE T O LA FH il
Ti ML Z BAIE R AR A, 5284 N 2 3
& TO, JZHABUEILYE. 99K TiO, ZRA PR ME.
TR (¥ TiO, J2 HL AT A TR B 1K A A 2
ZENG R %5 8 TR g & 4 AM60 3RS
ZALSACR TiO, BB IZ (LK 3). TRk
LG R ) B B, TiO, 12 JH AT W58 AM60
7t Hank’s ¥ T AT JE3 ek 8 o AR T, Ak R P4
Jei, Bl R A R . XIN A5 UR ] B AR gk T
SHESEA S LIS 1 um B ALOS/ALFT 1.5 pm JE 11
ZrOy/Zr WiFP BA = WIVR 2R IR )2 Al Y Ze )2
FRBAAT A B B A, DRI v LSS i 2
SR Z 25 Gt . SER A TR, X LR
JE R R R A R 25 G R, TR s

T o (0 H IR R A AE I FLBRAE SBF Hp I T
R, RSS2 K PR TR RE W] S PG
SRS, SRR T 2R A5 (K% 2 LLAs 2 7 IR P
FHTR 2 B0, HEA R0 AL S B R 1Y
2.

B3 AM60 B Gk M 45 & iR TiO, ) SEM 4
Fig.3 SEM image of plasma sprayed TiO, coating on

AMG60 magnesium alloy??
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AT RFR AR -

2 % iE
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M R PR IBE S R el PE K K2 3R B <
FENAARBT BT PR RE,  DARZE A Y B, Jf
AR R AR (2 BORE, iR
JEMEF A NARIRIERS T E7 5 PR RE (TR Pt S PRI
B B NI T 55 ) RO 5K

2) R I T T R MR A R I S )
Dhaett, AL ANIERCEREER M E A Mk
P AT P A R B (oA 5T, FRE 25An:
PIETE (250, Az RED), R Pimth. i
BEIMAE AN UL GG 25 W) D RE

3) IBRREE . R Rm TR AL
TR BREEMZ g2 e R, JTAHARRE. W
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